Primer Note
Microsatellite priMers for two threatened orchids in florida: Encyclia tampEnsis and cyrtopodium punctatum (orchidaceae) 1
• Premise of the study: The Million Orchid Project at Fairchild Tropical Botanic Garden is an initiative to propagate native orchids for reintroduction into Miami's urban landscapes. The aim of this study was to develop microsatellites for Encyclia tampensis and Cyrtopodium punctatum (Orchidaceae).
• Methods and Results: Ten microsatellites were developed for each species. For E. tampensis sampled from the natural population, allele numbers ranged from one to four, with an average observed heterozygosity (H o ) of 0.314 and average expected heterozygosity (H e ) of 0.281. For the individuals from cultivation, allele numbers ranged from one to six, with an average H o of 0.35 and an average H e of 0.224. For C. punctatum, allele numbers ranged from one to three, with an average H o of 0.257 and an average H e of 0.272.
• Conclusions: These microsatellites will be used to assess the genetic diversity of natural and cultivated populations with the intention of guiding genetic breeding under the Million Orchid Project.
( Koressaar and Remm, 2007; Untergasser et al., 2012) for primer design. We only considered primer pairs that occurred 1-10 times among the reads. Primers were designed for sequences containing a microsatellite region and sufficient flanking sequence. For E. tampensis, 48 loci containing microsatellite motifs with at least seven uninterrupted repeats were selected for initial primer design. For C. punctatum, 48 microsatellite regions with at least three motifs were identified. The different PCR primer pairs were manufactured at Integrated DNA Technologies (Coralville, Iowa, USA). These unlabeled primers were screened for unique products on the same individuals used for next-generation sequencing. The PCR products were prepared using 1 μL of genomic DNA, 11. , and a 10-μL mixture of the primer pairs (10 μM concentration) using a Dyad Peltier Thermal Cycler (Bio-Rad Laboratories, Hercules, California, USA). The PCR conditions were as follows: initial denaturation at 94°C for 3 min; followed by 32 cycles of 94°C for 1 min, annealing for 1 min (temperature varied by species), and 72°C for 2 min; and elongation at 72°C for 30 min. Annealing temperatures were 62°C for the E. tampensis primer mix and 58°C for the C. punctatum primer mix (Tables 1 and 2 ). The PCR products were scored for presence or absence of a single appropriately sized DNA fragment using gel electrophoresis on 2% agarose gel. Based on these criteria, 13 and 11 of the 48 potential loci for E. tampensis and C. punctatum, respectively, were selected for dye-labeling at Applied Biosystems (Foster City, California, USA). Fragment analysis was then used to further detect any primer pairs that did not produce the expected PCR product, and any locus that showed multiple and/or overlapping peaks was omitted. For each species, the 10 best novel microsatellite loci were selected for their repeatability, potential polymorphism, and capacity for multiplexing (Tables 1 and 2) .
Under these PCR conditions, 10 primers were then tested for polymorphism on a total of 20 individuals of E. tampensis from natural and cultivated sources, as well as one individual of E. alata and one individual of Encyclia hybrid 'Cindy'. Sampling for the natural population at FTBG consisted of 14 individuals, and the cultivated population was represented by six individuals. Cultivated individuals were obtained from a commercial nursery in Miami-Dade County, Florida.
Ten primer pairs containing microsatellite regions were screened on 21 individuals of C. punctatum, two individuals of C. macrobulbon, and one individual of C. flavum. The PCR reactions consisted of 1 μL of genomic DNA, 14 μL of ddH 2 O, and 10 μL of a primer mix; the total mixture included seven primer pairs: 12 μL of Y01, 24 μL of Y02, 36 μL of Y03, 24 μL of B01, 36 μL and in Florida is commonly found in cypress swamps and tropical hardwood hammocks (Chafin, 2000; Dutra et al., 2009 ). This orchid is characterized by bright yellow flowers splattered with dark burgundy spots and large pseudobulbs formed by former leaf bases. Populations have been degraded in southern Florida as a result of historic poaching, which has led to the legal protection of C. punctatum today (Stat. No. 581.185 subsection 2(a); http://www.leg.state.fl.us/statutes/).
The objectives of this study were to develop microsatellite markers for each species and assess the degree of genetic diversity of the existing populations at FTBG used in propagation efforts. These microsatellites were also tested for efficacy on two congeneric species for each focal species available at FTBG; congeneric species included E. alata ( 
METHODS AND RESULTS
Leaf tissue was collected from one plant of E. tampensis (accession no. 160744) and one plant of C. punctatum (accession no. 160984) for nextgeneration sequencing; both individuals are located at FTBG (Coral Gables, Florida, USA). Due to the rarity of these species and potential for poaching, GPS coordinates are not given for any individual plants in this study. Photo vouchers for each individual are deposited in the FTBG Herbarium (Coral Gables, Florida, USA). Genomic DNA was extracted from lyophilized tissue using the DNeasy Plant Mini Kit (QIAGEN, Venlo, The Netherlands) at FTBG laboratories. The total DNA was sent to the Georgia Genomics Facility at the University of Georgia (Athens, Georgia, USA) for next-generation sequencing using Illumina HiSeq 2000 (Illumina, San Diego, California, USA). The resulting 100-bp Illumina sequences were screened using the PERL script program PAL_FINDER_v0.02.03 to identify potential microsatellite repeat elements among the reads (Castoe et al., 2012) . No additional sequencing was done after the Illumina run. Microsatellite repeats were detected in one direction; if one was found, the sequence was sent automatically to Primer3 version 2.0.0 of G01, 36 μL of G02, and 36 μL of G03 (10 μM concentration), and PuReTaq Ready-To-Go PCR Beads (GE Healthcare, Little Chalfont, Buckinghamshire, United Kingdom) using a Dyad Peltier Thermal Cycler (Bio-Rad). As a result of interaction effects, three primer pairs-B02, B03, and B04-were run individually. Annealing temperature was 54°C for B02 and B03, and 55°C for B04 ( Table 2) .
The PCR products were prepared for fragment analysis in a reaction mixture of 1 μL of amplified DNA, 9.5 μL of Hi-Di Formamide (Applied Biosystems), and 0.5 μL of MapMarker (BioVentures, Murfreesboro, Tennessee, USA). The samples were sent to the Core DNA Facility at Florida International University (Miami, Florida, USA) for fragment analysis. Resulting chromatograms were visualized and scored using GeneMapper version 5.0 software (Applied Biosciences). Genotypic and allelic frequencies were obtained using Hardy-Weinberg equilibrium (HWE) Calculator for 3 Alleles (Emerson, 2010) to describe differences in allelic equilibrium assumptions. A χ 2 analysis was used to test for statistically significant deviations from HWE for the observed genotype frequencies using Microsoft Excel (Microsoft Corporation, Seattle, Washington, USA).
For each population, the total number of alleles, fragment length, and the observed (H o ) and expected heterozygosity (H e ) were calculated for each microsatellite region, and the average heterozygosities and test statistics for HWE were calculated for each species (Tables 3 and 4 ). In the natural population of E. tampensis, the number of alleles per locus varied from one to four, and three loci (YE3, GE1, and BE1) showed significant deviation from HWE (Table 3 ). In the cultivated population, the number of alleles per locus was greater, from one to six, and three loci (GE1, BE1, and BE2) showed significant deviation from HWE (Table 3) . However, only the YE5 loci amplified six alleles; the other nine loci were composed of only one or two alleles. The average H o and H e for the natural population were 0.314 and 0.281, respectively (Table 3) . For the cultivated population, average H o was 0.35, higher than that of the natural population, with a lower average H e of 0.224. For the closely related taxa, allele numbers ranged from one to three. For the congeneric E. alata, nine of the 10 loci amplified, while for the hybrid Encyclia 'Cindy' all 10 loci successfully amplified, and we detected a different allele than E. tampensis at the YE2 locus (Table 3) .
Seven of the 10 primers tested for C. punctatum revealed polymorphism (Table 4) . For the C. punctatum population at FTBG, the number of alleles per locus varied from one to three (Table 4) . The average H o was 0.257, and average H e was 0.272. The H o for three alleles (G01, B03, and B04) showed significant deviations from HWE (Table 4) . For the congener C. macrobulbon, all 10 microsatellite regions amplified with up to four alleles, and for C. flavum nine microsatellites amplified a maximum of two alleles, and the majority of the loci were monomorphic. 
CONCLUSIONS
Here we report 10 novel microsatellite loci each for two commercially exploited native Florida orchids, E. tampensis and C. punctatum. The microsatellites developed showed monomorphic and polymorphic differences in the two study populations, as well as some applicability for closely related taxa. Based on the number of alleles amplified and the average H o values for E. tampensis, these results suggest that the cultivated population is more genetically diverse than the natural population at FTBG; however, this conclusion is given with caution, because our sampling effort (number of plants sampled) was not representative of the entire population, and only one locus showed amplification of six alleles in the cultivated population. Allele numbers for the other Encyclia species were comparable to that of the E. tampensis natural population. The genetic diversity of C. punctatum individuals at FTBG, on average, was not significantly different than the H e (<2% difference). Because C. punctatum is an outcrossing species and the individuals sampled included several seedling volunteers, these findings indicate that an adequate amount of outcrossing is occurring in the garden population. Considering this evidence and the rarity of this species, this population may be an important source of diverse genetic material for diversifying the more vulnerable natural populations.
The resulting markers will be used to evaluate the genetic diversity, population demography, and potential gene flow of the remaining natural and cultivated populations in the region, with the intention of guiding the genetic breeding protocols for future reintroductions under the MOP. Specifically, we will assess the genetic diversity of all known individuals of C. punctatum and E. tampensis at FTBG. To ensure sufficiently diverse individuals are being selected for reintroduction, we will also screen offspring propagated from natural or artificial fruit set to be used for the MOP. More broadly, these microsatellite markers can be used to study genetic diversity of other populations within Miami and will be imperative in any future conservation efforts for these endangered orchid species.
